Mitochondrial ion transport has been studied by many investigators since the early work of Bartley and Davies (1). Passive ion extrusion was observed on aged mitochondria or on fresh mitochondria with valinomycin (2-5). On the other hand, metabolism de pendent ion retention (6-3), ion uptake (9-17) and ion extrusion (18-20) have been found on mitochondria. It is suggested that there are some unknown factors which control ion movement in the mitochondria.
pendent potassium and magnesium ion extrusion was observed in the presence of a res piratory substrate, and this extrusion was converted to retention by further addition of 1.0 mm of ATP. This effect of exogeneous ATP was disccussed.
METHODS

Preparation of mitochondria
Male Wistar rats weighing 120 to 160 g were employed. .
Mitochondria were prepared from the kidney cortex and liver at low temperature of from 0°C to 4°C (21) . Cold sucrose (0.25 M) was used in order to homogenize tissue with a glass-Teflon homogenizer. Centrifugation was performed at 0°-4°C by Hitachi 20P. Special care was taken to obtain a pure preparation of mitochondria neglecting better yield.
Incubation
Incubation was done at 30°C for 10 minutes in a basal medium containing 15 mm NaCl, 5 mm KCI, 10 mm tris-HC1 Buffer (pH 7.4), 31.2 mm tris-succinate and 105 mm sucrose.
In some experiments, succinate was replaced with pyruvate or glutamate, and, ATP and several metabolic inhibitors were added alone or together combined to the basal medium. Total volume was 6.0 ml. Mitochondrial suspension containing about 3.0 mg as protein was added to the medium which had been kept at 30°C.
Sampling
At the end of the reaction period, the reaction mixture was filtrated through a mil lipore filter (DAWP 02500) to rapidly separate mitochondria from reaction medium.
Separation was carried out less than 15 seconds. Potassium and magnesium in mito chondria trapped on the filter were extracted with 3 ml of 85% of formic acid for 20 minutes at room temperature (11) . The extract diluted with 6 ml of distilled water was used for 
RESULTS
1)
Time course of potassium and magnesium flux and effect of A TP on it Changes of potassium and magnesium concentration in the kidney cortex mitochondria during incubation at 30°C are shown in Fig. 1 . Initial contents of potassium and mag nesium were 81.7 and 27.7 mpmoles/mg protein respectively. Initial extrusion rate until 3 minutes was low (4.0 m,umoles of K and 5.0 m,umoles of Mg/mg protein) but a marked decrease occurred hereafter, 57.4 mumoles of K and 22.0 m,"moles of Mg/mg protein at 10 minutes after incubation. These values were almost continued at 20 minutes after incubation. Thereafter, following experiments were done for 10 minutes, and the effect of ATP on this extrusion was observed.
The addition of ATP to the basal medium suppressed the extrusion of mitochondrial potassium and magnesium (Fig. 2) . In the presence of 1.0 mm of ATP in the medium, 17.4 m,umoles of K/mg protein and 7.6 mpmoles of Mg/mg protein were extruded from mitochondria to the medium during a period of 10-minute incubation. Decreasing concentration of ATP decreased the suppressive effect of ion extrusion. In the presence of 1.0 am of ATP, 57.5 mpmoles of K and 18.8 m,umoles of Mg/mg protein were extruded, similar to that without ATP as shown in Fig. 1 . In order to clarify the mode of action of ATP on ion movenent, respiratory inhibitor, antimycin A (1 X 10-5 M), was added to the incubation medium. Antimycin A increased the ion efflux with ATP in high concentration, and decreased that with ATP in low concentration. That is, following respiratory inhibition by antimycin A, the effect of ATP on ion efflux was disappeared. It was observed that exogenous ATP, in high concentration, showed a retentive effect on both ions.
2) Effect of various agents on the flux of ions The effect of various agents on the ion flux of mitochondria was studied. In the absence of ATP the extrusion rate of potassium from mitochondria was reduced to 54.7% with antimycin A (1 x 10-5 M) and 34.8% with 2, 4-DNP (5 x 10-5 M) and the extrusion of magnesium was also reduced to 81.1% with antimycin A and 49.4% with 2, 4-DNP. Rotenone (1 X 10-6 M) had little effect on the extrusion of potassium but reduced the extrusion of magnesium by 34.4%. Oligomycin (10 , g/ml) was ineffective to extrude both ions. Neither ion was extruded at 0°C as shown in Table 1 . It may be concluded that the extrusion of potassium and magnesium is closely related with the mitochondrial metabolism in the presence of succinate which was an energy source in the basal medium.
In the presence of 1.0 mm of ATP the retention of potassium and magnesium in mito chondria was inhibited by 2, 4-DNP, or o;igomycin as well as by antimycin A ( Table 2) . Of these three inhibitors, 2, 4-DNP proved to be most potent. Following 10-minute in cubation, the retention of potassium and magnesium in mitochondria was 93.7% and 81.7% but it was reduced to 52.7% and 57.1% respectively following the addition of 2, 4 DNP.
The addition of 5 mm of MgCl2 to the basal medium suppressed the extrusion of mito chondrial potassium by 30.4% and completely prevented the extrusion of magnesium ( Fig. 3(a) ). Therefore, it may be assumed that potassium and magnesium are transported with the common mechanism in the mitochondrial membrane as reported by previous investigators (23, 24). The reaction was carried out in the basal medium described in Fig. 1 for 10 minutes at 30`C. The indicated concentration of the inhibitors and uncoupler was added to the basal medium (control). * : Initial content , mpmoles/mg protein. ** mpmoles of K or Mg extruded from mitochondria mg protein/l0 minutes. *** The extent of the extrusion of mitochondrial potassium or magnesium. The incubation carried out with the addition of 1.0 mm of ATP to the basal medium for 10 minutes at 30`C.
The indicated concentration of inhibitors and uncoupler was added to the reaction medium.
* : mpmoles of K or Mg/mg protein . ** : The extent of the retention of the mitochondrial potassium or magnesium .
Fir. 3. Effects of addition of MgCl, (a) or omission of NaCl (b) on potas sium and magnesium extrusion from kidney cortex mitochondria.
(a) Five millimolars of MgC1, were added to the basal medium.
(b) Fifteen millimolars of NaCl were replaced by choline chloride. The reaction was carried out for 10 minutes at 30`C.
Since potassium and magnesium account for the most part of the metal-ions of freshly isolated mitochondria (25) , most of the extruded ions are likely to be replaced by other cations in the medium through a compensatory uptake.
When sodium chloride in the medium was replaced with choline chloride, no effect was observed on the potassium and magnesium flux (Fig. 3(b) ). From this result and the previous data that the content of sodium ion of mitochondria did not change during incubation (4, 7, 8, 23, 26) , it was safely assumed that sodium ion was not taken up by mitochondria in compensatory process of the extrusion of potassium and magnesium.
Substitution of tris-glutamate or tris-pyruvate for tris-succinate as a substrate gave no effect on the extrusion of ions which were dependent upon metabolism ( Table 3) .
The' extrusion and retention of ion in the rat liver mitochondria were compared to those in the kidney cortex mitochondria. Similar results were obtained from the experi The indicated concentration of substrate was added to the basal medium and the reaction was carried out for 10 minutes at 30°C. (b) One millimolar of ATP was further added to the medium des cribed in Fig.4(a) .
The final concentration of antimycin A was 1 x 10-'m and of 2,4 DNP was 5 x 10-5 M respectively.
The reaction was carried out for 10 minutes at 30°C. ment using liver mitochondria. The extrusion of mitochondrial potassium and magnesium was suppressed with antimycin A or 2, 4-DNP (Fig. 4(a) ).
Further addition of 1.0 mm of ATP resulted in the retention of potassium of mito chondria (Fig. 4(b) ), and this retentive effect was decreased by antimycin A and 2, 4-DNP. In the presence of magnesium (5 mm), magnesium was accumulated in mitochondria by ATP as reported by other authors (11, 23) , and this effect was also decreased by antimycin A and 2, 4-DNP.
Some difference was observed in magnesium flux between liver and kidney cortex mitochondria. Magnesium was extruded from liver mitochondria, but was slightly ac cumulated in kidney cortex mitochondria. Thus, the difference in the flux of magnesium of liver and kidney cortex mitochondria may be due to the difference in the concentration of endogenous magnesium in mitochondria.
DISCUSSION
The uptake of ion in mitochondria has been reported by many investigators (9) (10) (11) (12) (13) (14) (15) (16) (17) , but there are only a few reports about the active extrusion of ion in mitochondria (19, 20) .
Johnson et al. reported that histone enhanced both mitochondrial swelling and potassium efflux consuming energy provided not only by ATP but also by electron transport system (20) . Azzi et al. reported the efflux of rubidium associated with the shrinkage using the mitochondria treated with alkali (19) .
The present experiment showed slow extrusion of potassium and magnesium from kidney cortex mitochondria in the presence of a substrate, revealing 50% of the extrusion within 5 minutes and reaching a maximum within 10 minutes, accompanying a slight swelling of mitochondria. The extrusion of both ions in the presence of a substrate was reduced by metabolic inhibitors such as antimycin A and 2, 4-DNP. The present result confirmed that the extrusion of ion was dependent on the metabolism in mitochondria without any special treatment reported by previous investigators (19, 20) .
Brieley et al. have reported that high energy intermediate is used for the uptake of ions in mitochondria. In the present experiment, it is assumed that the same energy which should be supply from electron transport system is used for the extrusion of ions from mitochondria, because the extrusion is inhibited by antimycin A or 2, 4-DNP but not inhibited by oligomycin.
While without substrate exogeneous ATP (1.0 mm) had no effect on ion extrusion (31), the same amout of ATP suppressed the extrusion in the presence of substrate, that is, exogeneous ATP showed retentive effect on both ions with substrate. Oligomycin slightly reduced the retentive effect of ATP. From these two findings the retentive effect of ATP was not explained only by the high energy intermediate-theory. It is supported that in the presence of substrate exogeneous ATP controls ion move ment in some way on mitochondrial membrane other than as an energy source of ion transport.
Probably, a compensatory uptake of sodium did not occur with the extrusion of potas sium and magnesium, because the above extrusion was also occurred in the sodium free medium (Fig. 3) . Relations between the ion permeability and ATPase of mitochondria have been studied by G-Puyon et al. (29, 30) . Further study on relations between the direction of ion flux and ATPase in kidney cortex mitochondria is in progress in the authors' laboratory.
SUMMARY
Extrusion and retention of potassium and magnesium were studied with rat kidney cortex mitochondria.
During incubation at 30°C, potassium and magnesium were extruded from mito chondria in the presence of a substrate.
At 0°C, the extrusion was not observed. The extrusion of both ions was suppressed with antimycin A or 2, 4-DNP, and not influenced by oligomycin. Exogeneous ATP reduced the extrusion of both ions, and this effect was markedly reduced by metabolic inhibitors and uncoupler. It is concluded that the extrusion of mitochondrial potassium and magnesium depended upon metabolism, and exogeneous ATP controlled both ions' movement.
Similar phenomena were observed in liver mitochondria.
